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Description 

METHOD AND A DEVICE FOR SUPPLYING 
FUEL TO A COMBUSTION CHAMBER 

Cross Reference to Related Applications 

[0001] This application is a continuation patent application of In- 
ternational Application No. PCT/SE01/02803 filed 17 De- 
cember 2001 which was published in English pursuant to 
Article 21(2) of the Patent Cooperation Treaty, and which 
claims priority to Swedish Application No. 0100369-8 
filed 6 February 2001. Said applications are expressly in- 
corporated herein by reference in their entireties. 
Background of Invention 

Field of the Invention 

[0002] The present invention relates to a method for supplying 
fuel to a combustion chamber which comprises (includes, 
but is not limited to) at least one main injector and at 
least one pilot injector, with a first flow of fuel being sup- 
plied to the pilot injector during start-up of the combus- 



tion chamber via a first regulator valve. 

[0003] The invention also relates to a device for supplying fuel to 
a combustion chamber which comprises at least one main 
injector and at least one pilot injector. The device includes 
a fuel tank, a line system coupled from the fuel tank to 
the injectors, a pump for pumping fuel from the tank to 
the injectors, and a first regulator valve for regulating the 
flow of fuel in a first line in the system which is connected 
to the pilot injector. 

[0004] The invention relates particularly to the supply of fuel to a 

combustion chamber of a gas turbine. In the conventional 

technology, the combustion chamber comprises a pilot 

injector which is arranged centrally, and a plurality of 

main injectors, for example 5, arranged about the pilot 

injector. 
Background of the Invention 

[0005] To start up a cold engine, a flame is ignited with the pilot 
injector in order to increase the temperature in the com- 
bustion chamber so that it is possible to obtain a working 
flame with the main injectors. When using the main injec- 
tors, the fuel is in fact intended to be combusted in evap- 
orated form. To achieve evaporation, the combustion 
chamber has to be hot. The fuel from the pilot injector, by 



contrast, is intended to be combusted in liquid form, in 
the form of droplets. At start-up, a relatively large flow of 
fuel is supplied to the pilot injector. At intermediate and 
high load operation, by contrast, the pilot injector is in- 
tended to be supplied only with a small flow of fuel, which 
must nevertheless be sufficient to maintain a flame from 
the pilot injector and thereby ensure that the main injec- 
tors and the combustion chamber do not go out. 
[0006] According to a previously known fuel supply device, a first 
regulator valve is used to regulate the flow of fuel to the 
main injectors and to the pilot injector. The device further 
includes a pressure regulator for cooperating with the first 
regulator valve for controlling the flow of fuel to the pilot 
injector. With this arrangement, however, it has been 
found difficult to control the flows to the main and pilot 
injectors in an exact way which, on one hand, prevents 
extinguishment of the combustion chamber and, on the 
other hand, ensures that emissions, such as CO, NOx, and 
uncombusted hydrocarbons, are kept to a low level. The 
combustion of the fuel in droplet form via the pilot injec- 
tor is in fact associated with such emissions. 
Summary of Invention 

[0007] a first objective of the invention is to make available a 



method for supplying fuel to a combustion chamber which 
permits more exact control of the flow of fuel than possi- 
ble using known systems. The aim in particular is to re- 
duce the emissions compared to the known systems and 
to achieve improved safety against extinguishment of the 
combustion chamber at a low load operating state. 

[0008] This objective is achieved by the fact that a second flow of 
fuel, which is substantially smaller than the first flow of 
fuel, is supplied to the pilot injector in order to achieve a 
specific operating state, distinct from start-up, via a sec- 
ond regulator valve that is designed to regulate a sub- 
stantially smaller flow than the first regulator valve. In 
other words, a small valve (the second regulator valve) is 
used for regulating a small flow, and a large valve (the 
first regulator valve) is used for regulating a large flow to 
the pilot injector. This creates the conditions for achieving 
a regulation of the flow to the pilot injector that is more 
exact than in known systems. By virtue of this method, the 
supply of the fuel can be accurately controlled especially 
at transitions between different operating states. 

[0009] According to a preferred embodiment, the first regulator 
valve is arranged to convey the first flow of fuel to the 
main injector when the combustion chamber is intended 



to be driven at an intermediate or high load state. At this 
intermediate or high load state, the pilot injector is thus 
supplied with a small flow of fuel via the second regulator 
valve. The first regulator valve is thus used to control a 
large flow of fuel to the pilot injector in a certain operat- 
ing state and to the main injectors in another operating 
state. Controlling the supply of fuel in this way makes it 
possible to create the conditions for a cost-effective and 
space-saving fuel supply device. 

[0010] According to a further development of the invention, the 
second regulator valve is arranged to convey the second, 
smaller flow of fuel to the pilot injector when the combus- 
tion chamber is intended to be driven at a low load state. 
Low-load operation can be used when the gas turbine 
and, as the case may be, the turbine's exhaust-gas heat 
exchanger are hot and therefore considerably less fuel is 
needed than at start-up. 

[001 1] a second objective of the invention is to provide a device 
for supplying fuel to a combustion chamber creating the 
conditions for more exact control of the flow of fuel than 
previously available. The aim, in particular, is to be able to 
further reduce the emissions and to achieve improved 
safety against extinguishment of the combustion chamber 



at a low load operating state. 
[0012] This object is achieved by the inclusion of a second regu- 
lator valve for regulating the flow of fuel through a second 
line in the incorporating system that is connected to the 
pilot injector. This second regulator valve is designed to 
regulate a substantially smaller flow than the first regula- 
tor valve. 
Brief Description of Drawings 

[0013] The invention will be described in greater detail below 
with reference to the attached drawings in which: 

[0014] Figure 1 is a schematic illustration of a preferred embodi- 
ment of a device for supplying fuel to a combustion 
chamber of a gas turbine configured according to the 
teachings of the present invention(s); and; 

[0015] Figure 2 is a graphical representation of the flows of fuel 

to the pilot injector and the main injectors in accordance 

with one operating example of the disclosed inventions(s). 
Detailed Description 

[0016] Figure 1 illustrates a preferred embodiment of a device 1 
for supplying fuel to a combustion chamber of a gas tur- 
bine. The combustion chamber is of the low-emission 
type and has a centrally arranged pilot injector and a plu- 



rality of main injectors arranged thereabout. In Figure 1, 
the pilot injector 2 and the main injectors 3 are illustrated 
schematically. 

[0017] The size of the flows of fuel supplied to the injectors 2, 3 
depends on the intended operating state of the incorpo- 
rating engine. When starting up a cold engine, and possi- 
bly at a low load state, a relatively large flow of fuel is 
supplied to the pilot injector and essentially no fuel is 
supplied to the main injectors. At the intermediate and 
high load states, by contrast, the pilot injector is supplied 
with a small flow of fuel and the main injectors are sup- 
plied with a large flow of fuel. In the latter case, the pilot 
injector is used as a safety against the system extinguish- 
ing. The difference in the size of the flows of fuel to the 
pilot injector at start-up and with the main injector cou- 
pled-in is especially accentuated when the gas turbine is 
designed for exhaust-gas heat exchange. 

[0018] a device or system configured according to the present 

invention comprises a fuel tank 4, a line system 5 coupled 
from the fuel tank 4 to the injectors 2, 3, a pump 6 for 
pumping fuel from the tank to the injectors, and a first 
regulator valve 7 for regulating the flow of fuel in a first 
line 8 in the system which is connected to the main injec- 



tors 3. 

[0019] The device further comprises a second regulator valve 9 
for regulating the flow of fuel through a second line 10 in 
the system, which is connected to the pilot injector 2. The 
second regulator valve 9 is designed to regulate a sub- 
stantially smaller flow than the first regulator valve. The 
second regulator valve 9 is preferably designed to regu- 
late a flow which is at least less than 20%, and preferably 
less than 10% of the flow which the first regulator valve 7 
is designed to regulate. 

[0020] The first line 8 is also connected to the pilot injector 2 for 
regulating the flow to that injector 2 with the aid of the 
first regulator valve 7. For this purpose, the device com- 
prises a directional valve 11 arranged downstream of the 
first regulator valve 7. Via the directional valve 11, the 
flow of fuel from the first regulator valve 7 can be con- 
veyed to the pilot injector 2 via an intermediate line 12. 

[0021] The supply of fuel from the tank 4 to the injectors 2, 3 is 
described below in three different operating states, 
namely start-up, normal running (intermediate and high 
load operation) and low load operation (idling and engine- 
brake operation). 

[0022] At start-up of the engine, particularly when configured as 



a gas turbine, the first regulator valve 7 is open to allow 
throughflow, and the second regulator valve 9 is closed. A 
relatively large flow of fuel is then conveyed from the tank 
4 via a filter 14 to the first line 8 and through the first 
regulator valve 7. The fuel is conveyed onward to the pilot 
injector 2 in the intermediate line 12 via the first direc- 
tional valve 11 and a second directional valve 13. In other 
words, the directional valve 11 in this case is configured 
to convey the fuel to the intermediate line 12. 

[0023] At intermediate and high load operation, both the first 
regulator valve 7 and the second regulator valve 9 are 
open to allow throughflow. The first directional valve 11 is 
now designed to convey the relatively large flow of fuel 
from the first regulator valve 7 to the main injectors 3. In 
comparison, a smaller flow of fuel is conveyed in the sec- 
ond line 10 through the second regulator valve 9 and the 
second directional valve 13 to the pilot injector 2. 

[0024] At low load operation, the first regulator valve 7 is closed 
and the second regulator valve 9 is open. A relatively 
small flow is now conveyed in the second line 10 through 
the second regulator valve 9 and the second directional 
valve 13 to the pilot injector 2. 

[0025] jo De aD | e to regulate the flow with the regulator valves 7, 



9 with great accuracy independently of the pressure level 
downstream of the regulator valves (which is principally 
defined by the combustion chamber pressure and the 
pressure drop across the injectors 2, 3), the device further 
includes valves 15, 16 intended to maintain a constant 
pressure drop across the regulator valves. In the present 
case, a pressure control valve 15 with overflow function is 
used for the first regulator valve 7, and a pressure control 
valve 16 with a throttle function is used for the second 
regulator valve 9. In the present case where only one 
pump is used, the setting of the pressure control valves 
15, 16 is chosen such that, at all the operating states, the 
pressure control valve 15 with overflow function maintains 
a pressure upstream of the regulator valves which is 
higher than or equal to the pressure which is required up- 
stream of the second regulator valve 9. 

[0026] | n the preferred embodiment according to Fig. 1, a pres- 
sure-limiting valve 17 is also shown which protects the 
system against dangerously high pressure. Drainage 
valves 18, 19 are provided for draining fuel from the in- 
jectors when shutting-off from the combustion chamber. 

[0027] Figure 2 shows a graph illustrating an example of the 

flows of fuel to the pilot injector 2 and the main injectors 



3, respectively. The vertical axis indicates the flow, q, and 
the horizontal axis indicates the time, t. The solid line 
shows the flow through the first regulator valve 7, and the 
broken line shows the flow through the second regulator 
valve 9. The marked period, a, indicates the start-up 
phase and, b, the marked period, indicates normal opera- 
tion. Between the start-up phase and normal operation, 
ramping of the flows takes place in order to achieve a 
gentle transition between the different operating states. 
During the start-up phase, a relatively large flow of fuel 
ql is supplied to the pilot injector 2 via the first regulator 
valve 7. The flow is reduced slightly during the start-up 
phase as the engine heats up with time. No fuel is sup- 
plied to the main injectors 3 during the start-up phase. 
When the intake air to the combustion chamber is suffi- 
ciently hot for combustion to be able to take place with 
the main injectors 3 in the manner intended, these are 
coupled in (brought into operation). At the time, tl, a 
transition begins from the start-up phase to normal oper- 
ation. After the transition, the main injectors 3 are sup- 
plied with the flow, q2, via the first regulator valve 7 and 
the pilot injector 2 is supplied with a smaller flow, q3, via 
the second regulator valve 9. At the time, t2, there is also 



an acceleration phase, c, during which the flow to the 
main injectors 3 is greatly increased to a level, q4, which 
corresponds to high load operation. 

[0028] As Figure 2 illustrates, variations in flow occur in what is 
referred to above as the second flow. The expressions 
first flow and second flow are in other words intended to 
signify two flow intervals at different levels. Within the 
flow interval of, for example, the second flow, the specific 
flow can be controlled to obtain different desired values. 

[0029] The invention must not be regarded as being limited to 
the embodiment described above, and instead a number 
of further variants and modifications are conceivable 
within the scope of the attached patent claims. 

[0030] For example, the constant-pressure regulation can be 
achieved in another way, for example, by using two 
pumps, and in which case a suitable pressure drop across 
the regulator valves can be chosen independently of the 
pressure levels in the line to the main injector and pilot 
injector, respectively. 



